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CHAPTER 1 
INTRODUCTION 
1.1 Membrane-Based Gas Separation Process 
1.1.1 Historical and Current Status  
Membranes are increasingly playing on significant role in chemical 
technology and being used in variety of applications in our daily life.  At the present 
time, there is a growing interest in the development of gas separation membranes 
based on material providing in terms of chemical and mechanical stability.  For the 
past several decades, membrane process has gone from laboratory curiosity to 
commercial reality.  The key functionality of the membranes actually is the ability to 
control the permeation of chemical species.  In separation applications, the goal is to 
allow one component of a mixture to permeate the membrane while hindering other 
components (Shiflett, 2002).  Mitchell (1831) reported the first scientific observation 
for gas separation process.  He observed that balloons made of India rubber (natural 
rubber) put in gas atmosphere were blown up with different velocity is depending of 
the nature of gases.  At about the same time in 1855, Fick performed his classical 
study, “Uber diffusion” which then was formulated as Fick’s first law for diffusion in 
membrane (Fick, 1995).  
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attributed by Sir Thomas Graham in 1860 that proposed the formation of Graham’s 
law and postulated solution diffusion mechanism (Graham, 1866).  He discussed in 
modern terms and demonstrated experimentally that mixtures of gas can be separated 
via membrane.  Successful commercialization of gas separation system is a major 
breakthrough in research and development of membrane technology. Recently, a 
considerable progress has been made in commercial use of membranes for gas 
separations, covering many existing and emerging applications.
1.1.2 Problem Statement 
Conventional processes for the separation of certain gases from gaseous 
mixture are based on the physical properties of various constituent that we want to 
separate.  An example is the removal of hydrogen sulfide from natural gas.  This 
process leaves sulfides as a waste, thus adding the complexity of the whole process. 
A real application of the complexity of this process is in the refinery itself where a 
complex unit is design and operated in order to remove the sulfur produce in a safely 
manner. 
An alternative ways is needed in order to improve the competitiveness of the 
process. Gas separation membranes seem the solution to overcome this problem.  At 
present, the major interest in membrane technology is focused in findings inorganic 
material that resistant to thermal and chemical influences, withstand harsh 
environment and also could produce a higher permeability and selectivity compared 
to polymeric membrane. 
As the new competitive edge, a major demand emerged in the field of gas 
separations using membrane.  Polymeric membrane has been used extensively 
produced by various researchers and surprisingly result has been achieved.  There is 
a lack in terms of stability of polymeric membrane that cannot be encountered by the 
conventional polymeric membranes but can be done by using carbon membrane. 
Carbon membrane could withstand a harsh operating environment such as high 
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membrane technology has been focused in the gas separation process.  It is an effort 
to developed carbon membrane who could give a higher permeability and selectivity 
of each process before it could apply to the industry broadly.  The main problem that 
must be overcome before it could be applied to the industry is the fabrication of this 
material in a manner that it is reproducible and scalable for manufacturing (Fauzi, 
2003).
It has reported that the major barrier in the developing carbon membrane 
compromise of many aspects.  It involves many aspects such as producing the carbon 
membrane itself and also the module involved to attach them for carrying out the 
separation analysis.  In terms of producing the carbon membrane itself, the material 
used as the carbon precursor itself has the significant impact on the overall cost for 
producing the carbon membrane.  An investigation need to be carried out to find a 
more suitable carbon precursor other than polyimide, which is mainly used by other 
researcher.  This is why this study try to find out the performance of carbon 
membrane developed from cellulose acetate.  It is not a simple task, but by 
contributing a new material that can improve the separation performance without 
losing the economically processibility could be a breakthrough in the fields of gas 
separations using carbon membrane. 
There are many ways in developing carbon membrane but mostly it come 
back to the objective of the development of the membrane itself, the pore of the 
membrane need to be controlled in a reproducible and tailored fashion.  By tailoring 
the pore of the membrane, specific applications could be identified.  It has been 
postulated that the presence of adsorbed molecules forms a barrier to the diffusion of 
non-adsorbed molecules and hence hinder their transport (Yang et al, 1999). Based 
on this postulated statement, research work has been carried out in order to find the 
compatibility of the carbon membrane based from cellulose acetate to separate 
absorbable and non-absorbable gases.  Thus the motive of this research is subjected 
to the development of a new kind of carbon membrane that is adsorption selective 
carbon membrane instead of molecular sieve carbon membrane.  It is capable of 
separating gas based on their adsorption characteristics of the gas molecule and the 
membrane itself.  
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is the hydrophobic problem.  One of the best solutions to overcome this problem is 
by coating the carbon membrane with suitable barrier without greatly inhabiting the 
flux of other permeating species.  This can be accomplished by developing carbon 
composite membranes.  Jones and Koros (1995) used Teflon Af1600 and Teflon 
Af2400 as hydrophobic element.  They also suggest that the coating solution can be 
made by dissolving the polymeric material in an appropriate solvent so that the 
polymer concentration is between 0.5 and 2.0% by weight.  They proposed some 
coating material such as poly (4-methyl-1-pentene), PMP.  Compared to the work 
they have done, they found out that The Teflon AF material far less restrictive to the 
flux of O2 and N2 than using PMP as hydrophobic element.   
Verma and Walker (1992) have proposed a simpler method where they treat 
the carbon surface with various agents such as H2 and Cl2 to make it more 
hydrophobic but the surface modification would likely change the molecular sieving 
properties of the membranes.  The trends that the water permeance and O2 permeance 
show are typical of capillary condensation.  As the relative humidity the water film 
thickness increases and menisci will began to form inside the pore and the pore will 
began to fill with water blocking the flow of the oxygen (Cooper and Lin, 2002). 
  This problem was encountered in this study by adding a drying compartment 
using silica gel. The gas was pre-dried before pass through the selective carbon 
membrane. When we deal with the capability or usefulness of the membrane, we 
always refer to the efficiency of the membrane.  The efficiency of membrane 
separation process does not only depend on the membrane alone.  It is also depends 
on the way the membrane is installed in the form of membrane module. Many 
researchers have proposed membrane modules depends on their applications.   
In the field of carbon membrane, the most challenging part to be considered 
is the poor mechanical stability of the carbon membrane. This study used a tubular 
ceramic membrane as a supporting module in terms to encounter this problem.  A gas 
separation apparatus were also designed in order to attached the carbon membrane 
been developed 
51.2 Objective of Work 
Based on the background of this study, objectives of this study are 
categorized as following; 
(i) To develop a new type of adsorption selective carbon membranes for 
gas separation using cellulose acetate as a carbon precursor. 
(ii) To determine an optimum preparation condition of the new type of 
adsorption selective carbon membrane for membrane separation 
process.
(iii) To analyze the membrane been developed in terms of selectivity and 
permeability using oxygen, nitrogen and C1-C4 hydrocarbon gas. 
1.3 Scopes of Work 
In order to achieve the objective mentioned in 1.3, below are the steps in 
order to accomplish this experiment. The scopes of work will be carried out 
(i) To prepare carbon membrane using cellulose acetate as a carbon 
precursor using dip coating technique. Asymmetric ceramic 
membrane was used as the supporting material. 
(ii) To design and fabricate gas separation unit in order to carry out gas 
separation analysis of single and binary mixtures (50/50 by volume) 
of gas. Types of gases used were oxygen, nitrogen methane, ethane, 
propane and n-butane. 
(iii) To determine the optimum pyrolysis condition for the carbon 
membrane been developed in the range of carbonization temperature 
at 3000C, 3250C, 3500C, 4000C, 4500C and 5000C.
(iv) To determine an optimum oxidation temperature between 1500C to 
4000C with an interval of 500C.
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and feed pressure (1 bar, 2 bar and 3 bar). 
(vi) To analyze the component exist in the permeate stream using Hawlett 
Packard Agilent 6890N. 
(vii) To characterize and determine the structure and morphology of 
modified membrane using Nikon Microscopes and PHILIPS XL-40 
Scanning Electron Microscopy (SEM).  
